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The achenes of 15 species in three genera, 10 species of Pycreus, 3 of Gahnia 
and 2 of Schoenus, in China were observed morphologically using stereoscope and 
scanning electron microscope. There are some differences among the genera in the 
characters such as achene shape, color, size and presence of beak. These charac¬ 
ters are, therefore, of certain value of classification into genera. Acid treated achenes 
with their cuticle and outer periclinal cell walls removed were observed by SEM, 
and all of them in 15 species could be divided into four types in microstructure. 1) 
Reticulate-tuberculate. In this type the achenes have a reticulate anticlinal wall and 
a single tuberculate protuberance in center of tangential cell wall. 2) Striate. There 
are striae thicened on achenes surface, but the cell shape is unclear. 3) Reticulate. 
Fruit coat has a reticulate anticlinal wall. 4) Tuberculate. Achene surface sculp¬ 
ture is tuberculate. The results revealed that there were interspecific differences in 
the achene-coat ornamentation, and the specific characters of the achenes were rec¬ 
ognized in 15 species observed here. 

Key words: Achene, ornamentation, Pycreus, Gahnia, Shoenus 


Introduction 

About 29 genera and more than six hun¬ 
dred species were recorded in Chinese 
Cyperaceae. The taxonomy of sedges is dif¬ 
ficult, because of the reduced structure of 
flowers and the simplified vegetative char¬ 
acters. The microstructure of achene is di¬ 
verse in genera but consistent for species 
(Tucker and Norton 1990). Six genera and 
75 species in China have been observed by 
Liu (1992, 1993), Liu and Huang (1993), 
and Liu et al. (1993, 1995), and it was sug¬ 
gested that the microstructure combined 
with achene shape and size can be diagnos¬ 
tic in distinguishing genera and even species 
in this family. 

The present study examined microstruc¬ 


ture of achenes of Pycreus, Gahnia and 
Schoenus including 15 species in the Cy¬ 
peraceae from China by SEM. It is expected 
that the achene microstructure can provide 
new evidence for the systematical classifica¬ 
tion of the Cyperaceae. 

Materials and Methods 

Materials used in this study were obtained 
from specimens deposited in the Herbarium 
of Institute of Botany Academia Sinica (PE) 
or the Bioengineering College Herbarium of 
Fujian Normal University (FNU). Ten spe¬ 
cies of Pycreus, three of Gahnia and two of 
Schoenus in China were examined under 
SEM. The collectors and the localities 
where the materials were obtained are shown 
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in Table 1. Achenes were submerged in ac- 
etolysis: sulfuric acid ( 9 parts acetic anhy¬ 
dride: 1 part concentrated sulfuric acid) 
solution at room temperature for 5 minutes, 
and washed with glacial acetic acid, and 
then were treated in 70 % alcohol by ultra¬ 
sonic cleaner to remove the cuticle and outer 
periclinal wall of epidermis. The cleaned 
achenes were air dried and fixed on alumi¬ 
num stub. A7 A coating of gold-palladium 
was applied in a sputter coater. Coated 
achenes were then examined and photogra¬ 
phed with Hitachi S-570 scanning electron 
microscope. Ten achenes were observed for 
each species to take their average for data. 

Results 

Achenes of the genera examined are gen¬ 
erally narrowly to broadly obovoid, oblong- 
ovoid or ellipsoidal in shape. Achenes of 
Pycreus are 0.57-1.27 mm in length and 
0.34-0.98 mm in width, two-sides convex. 
The larger fruits were observed in Gahnia, 
which commonly reach 2.50-3.85 mm x 
1.10-2.05 mm in size, and trigonous in 


Gahnia and Schoenus. Mature achenes are 
brown to dark brown in color. The beak is 
persistent in Pycreus species (except for P. 
sulcinux and P. pseudo-latespicatus ), but 
absent or invisible in Gahnia and Schoenus. 

Based on the differences in ornamentation 
and micromorphological characters obser¬ 
ved , the four sculpture types of achenes were 
recognized in the three genera. 

1. Reticulate-tuberculate. In this type, 
anticlinal walls show reticulate structure on 
the surface of achene and a single tubercu- 
late protuberance in lumina of tangential cell 
walls, which characterizes most Pycreus 
species ( Figs. 1-24). In a few as in 
Gahnia (Figs. 31-39), nodules are present 
on the protuberance. Usually cellular lu¬ 
mens are hexagonal, narrowly hexagonal or 
irregularly polygonal. The boundary can be 
thick as in G. javanica (Fig. 36) or thin as 
in P. polystachyus (Fig. 18). The tangential 
walls are smooth (P. polystachyus , Fig. 18) 
or minutely roughened (P. globosus , Fig. 9). 
The anticlinal walls are straight in most of 
the species as in P. lijiangeunis (Fig. 12) or 


Table 1. Source of achene materials used in this study 


Taxa 

Localities and 
specimen number 

Herbarium 

Pycreus delavayi C.B.Clarke 

Ninghua, Fujian, 0423 

PE 

P. unioloides (R.Br.) Urb. 

Kunming, Yunnan, 0180 

PE 

P. globosus (All.) Reichb. 

Haerbin, Heilongjiang, 296239 

PE 

P. lijiangensis L. 

Lijiang, Yunnan, 65044 

PE 

P. sulcinux (C.B.Clarke) C.B.Clarke 

Simao, Yunnam, 05820 

PE 

P. polystachyus (Rottb.) P. Beauv. 

Changle, Fujian, 1364 

FNU 

P. pumilus (L.) Domin 

Yunxiao, Fujian, 100 

FNU 

P. sanguinolentus (Vahl) Nees 

Dedu, Heilongjiang, 10884 

PE 

P. pseudo-latespicatus L.K.Dai 

Guizhou, 508768 

PE 

P. diaphanus (Schrad) Tang et Wang 

Lijiang, Yunnan 

PE 

Gahnia tristis Nees 

Zhaoan, Fujian, 52 

FNU 

G. javanica Moritzi 

Yangshan, Guangdong, 1309 

PE 

G. bariensis Beni 

Wuyishan, Fujian, 800712 

PE 

Schoenus calostachyus (R.Br. ) Poir 

Guangdong, 11415 

PE 

5. nudifructus C.Chen 

Kunming, Yunnan, 16507 

PE 


PE: Herbarium of Bejing Botanical Institute; FUN: Herbarium of Fujian Normal University. 
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Figs. 1-9. Shape and microstructure of achenes in Pycreus (Cyperaceae) from China. 1-3. Pycreus 
delavayi. 4-6. P. unioloides. 7-9. P. globosus. 


slightly undulate as in P. sanguinolentus 
(Fig. 24). 

2. Striate. Fruit surface has densely lon¬ 
gitudinal striate thickenings, cell shape un¬ 
clear, only one species {P. pseudolatespi- 


catus. Fig. 30). 

3. Reticulate. In this type the achenes 
have a reticulate anticlinal wall. The tan¬ 
gential wall surface may be depressed in 
center as in S. nudifructus (Figs. 43-45), or 
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Figs. 10-18. Shape and microstructure of achenes in Pycreus (Cyperaceae) from China. 10-12. 
P. lijiangensis. 13-15. P. sulcinux. 16-18. P. polystachyus. 


covered with densely granulate as in P. 
diaphanus (Figs. 26, 27), cell cavities are 
irregularly tetra- to hexagonal or narrowly 
hexagonal (Figs. 26, 27). 

4. Tuberculate. The achene surface ap¬ 


pears irregularly hexagonal or nearly ovoid 
tuberculate protuberance structure. This 
type was observed only in S. calostachyus 
(Figs. 40-42). 

The following is a brief comparative de- 
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scription of each species. The species are 
enumerated in order of the system by Tan 
and Wang (1961). 

1. Pycreus delavayi C.B.Clarke (Figs. 

1. 2, 3) 

Achenes obovoid or narrowly obovoid, 
two-sides convex with beak, blackish. 0.86- 
0.95 mm x 0.65-0.75 mm in size; the sculp¬ 
ture of achenes reticulate-tuberculate, cell 
lumens polygonal or irregularly oblong, an¬ 
ticlinal walls straight or slight sinuous, 
internal tangential walls of cell smooth or 
slightly convex with one tuberculate protu¬ 
berance that ca. 6-7 jam in diameter and 
have a few granules at the apex. 

2. Pycreus unioloides (R.Br.) Urb. (Figs. 4, 5,6) 

Achenes obovoid, two-sides convex with 

short beak, brown or dark, 1.35-1.46 mm x 
0.82-0.91 mm in size; irregularly reticulate- 
tuberculate in microstructure, cell shape 
unclear, anticlinal walls concave, internal 
tangential walls of cell roughed uneven, 
with one tuberculate protuberance in center. 

3. Pycreus globosus (All.) Reichb. (Figs. 7, 
8, 9) 

Achenes oblong or ellipsoidal, two-sides 
convex with beak, brown, 0.70-0.80 x 0.42- 
0.50 mm in size; achene sculpture reticulate- 
tuberculate, cell lumens irregularly hexago¬ 
nal or polygonal, anticlinal walls straight or 
slight sinuous, internal tangential cell walls 
slightly convex with one tuberculate protu¬ 
berance which have a few granulate satel¬ 
lites at the apex, protuberance ca. 6-8 pm 
in diameter. 

Based on the comparison in the micro¬ 
structure of achenes of varieties in the P. 
globosus , no useful differences were recog¬ 
nized between varieties P. globosus var. 
globosus and P. globosus var. minimvs. 

4. Pycreus lijangensis L.K.Dai (Figs. 10, 

11 , 12 ) 

Achenes oblong or narrowly obovoid, 
one side flat and another convex with short 
beak at the apex, brownish, 0.72-0.86 mm 


x 0.35-0.40 mm in size; the micro structure 
of achenes reticulate-tuberculate, cell lu¬ 
mens hexagonal, anticlinal walls linear, 
straight, internal tangential cell walls 
smooth, with one tuberculate protuberance 
which constricted in the base, protuberance 
ca.4-5 pm in diameter, granulate satellites 
absent . 

5. Pycreus sulcinux (C.B.Clarke) C.B.Clarke 
(Figs. 13, 14, 15) 

Achenes oblong, two-sides convex, beak 
a low boss, brownish, 1.18-1.27 mm x 
0.42-0.48 mm in size; sculpture of achenes 
reticulate-tuberculate type, cell lumens hex¬ 
agonal or nearly hexagonal, anticlinal walls 
linear, straight, internal tangential cell walls 
smooth with one tuberculate protuberance 
that constricted in the base, protuberance 
smooth ca. 3-4 pm in diameter, satellites 
absent. 

6. Pycreus polystachyus (Rottb) P.Beauv. 
(Figs. 16, 17, 18) 

Achenes oblong or nearly ellipsoidal 
two-sides convex, beak inconspicuous, 
brownish, 0.90-0.96 mm x 0.46-0.53 mm 
in size; sculpture of achenes reticulate-tuber¬ 
culate, cell lumens hexagonal or nearly hex¬ 
agonal, anticlinal walls thin, straight, inter¬ 
nal tangential cell walls smooth, slightly 
convex in center, with one tuberculate pro¬ 
tuberance that constricted in the base, pro¬ 
tuberance smooth, ca. 9-10 pm in diameter, 
without satellites. 

7. Pycreus pumilus (L.) Domin (Figs. 19, 20, 

21 ) 

Achenes ovoid or nearly ovoid, two-sides 
convex, with beak at the apex, brown, 
0.57-0.63 mm x 0.34-0.39 mm in size; 
achene sculpture reticulate-tuberculate, cell 
lumens hexagonal or irregularly hexagonal, 
anticlinal walls straight or slightly sinuous, 
internal tangential anticlinal cell walls 
smooth and concave along the margin, with 
one tuberculate protuberance in the center, 
protuberance smooth, and constricted in the 
base, ca. 6-8 pm in diameter, satellites ab- 
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Figs. 19-27. Shape and microstructure of achenes in Pycreus (Cyperaceae) from China. 19-21. 
P. pumilus. 22-24. P sanguinolentus. 25-27. P. diaphanus. 


sent. 

8. Pycreus sanguinolentus (Vahl) Nees 
(Figs. 22, 23, 24) 

Achenes broadly ovoid or obovoid, two- 
sides convex with beak, dark brown, 1.10- 


1.18 mm x 0.93-0.98 mm in size; achene 
sculpture reticulate-tuberculate cell lumens 
hexagonal or nearly hexagonal, anticlinal 
walls thin, undulate, internal tangential cell 
walls with one tuberculate protuberance in 
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Figs. 28-36. Shape and microstructure of achenes in Pycreus and Gahnia (Cyperaceae) from China. 
28-30. P. pseudolatespicatus. 31-33. G. tristis. 34-36. G. javanica. 


the center, protuberance smooth, smaller 
protuberance ca. 3-4 jam in diameter, satel¬ 
lites none. 

9. Pycreus diaphanus (Schrad.) Tang & 
Wang (Figs. 25, 26, 27) 


Achenes broadly ovoid, two-sides convex 
with short beak, light brown or brown, 
0.86-0.94 mm x 0.70-0.78 mm in size; 
sculpture reticulate, cell lumens lengthwise 
hexagonal or narrowly pentagonal, anticlinal 
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walls linear, straight, conspicuously convex, 
internal tangential cell walls are covered 
with densely granulate satellites. 

10. Pycreus pseudo-latespicatus L.K.Dai 
(Figs. 28, 29, 30) 

Achenes broadly obovoid, two-sides con¬ 
vex with beak, brownish, 0.95-1.03 mm x 
0.73-0.80 mm in size; fruit surface has 
densely longitudinal striate thickenings and 
transverse ridges, cell lumens unclear. 

11. Gahnia tristis Nees (Figs. 31, 32, 33) 
Achenes oblong, trigonous, one of three 

sides flat, and others convex, beak absent, 
dark brown or black, 3.50-3.85 mm x 1.95- 
2.05 mm in size; reticulate-tuberculate type 
in sculpture, cell lumens hexagonal or nearly 
hexagonal, anticlinal walls thin, straight, in¬ 
ternal tangential cell walls smooth, with one 
tuberculate protuberance. The protuberance 
ca. 13-16 pm in diameter, with 3-12 tuber¬ 
culate satellites at the apex. 

12. Gahnia javanica Moritz (Figs. 34, 35, 36) 
Achenes narrowly ellipsoid, trigonous, 

one of three sides flat, others convex, beak 
absent, brownish or brown, 2.60-2.85 mm x 
1.25-1.45 mm in size, reticulate-tuberculate 
type in sculpture; cell lumens hexagonal or 
narrowly hexagonal, anticlinal walls thick, 
straight, conspicuously convex, internal tan¬ 
gential cell walls smooth. There is one 
tuberculate protuberance in the center of 
cell lumens. The tuberculate protuberances 
are comparatively large ca. 20-25 pm in di¬ 
ameter with 2-8 tuberculate satellites at the 
apex. 

13. Gahnia bariensis Beni (Figs. 37, 38, 39) 
Achenes narrowly ellipsoid, trigonous, 

one side flat and others slightly convex, 
beak absent, brown, 2.50-2.75 mm x 1.10- 
1.25 mm in size, reticulate-tuberculate type 
in the sculpture; cell lumens tetra- or hex¬ 
agonal, anticlinal walls thin, straight, inter¬ 
nal tangential cell walls smooth, with 1-2 
larger verrucate protuberances that have 3- 
10 tuberculate satellites on the apex. Pro¬ 
tuberances ca. 22-25 pm in diameter 


14. Schoenus calostachyus (R.Br) Poir 
(Figs. 40, 41, 42) 

Achenes irregularly obovoid, beak a low 
boss, inconspicuous, trigonous, one side flat, 
others slightly convex, grey-brown, 2.50- 
2.75 mm x 1.10-1.45 mm in size. Fruit coat 
is covered with powderiness, cell shape un¬ 
clear, fruit surface irregularly hexagonal or 
nearly ovoid tuberculate protuberance. 

15. Schoenus nudifructus C.Chen (Figs. 43, 
44,45) 

Achenes broadly ovoid or obovoid, 
trigonous, one of three sides flat, others 
rather convex, beak absent, brown, 1.10- 
1.25 mm x 0.70-0.85 mm in size, reticulate 
in the sculpture. Cell lumens of fruit sur¬ 
face hexagonal or irregularly hexagonal, an¬ 
ticlinal walls rather convex, internal tangen¬ 
tial walls of cell smooth, slightly concaved 
in center. 

Discussions 

The micro structure of achenes such as the 
features of the anticlinal cell walls and cell 
lumens (silica bodies, e.g., Carex, Cyperus, 
Eriophorum, and Scripus ) are useful for 
search at various taxonomic levels (Denton 
1983, Francis 1991) 

According to the characters of achenes 
mentioned above, the sculptures of achenes 
can be grouped into four types. Most of the 
achenes in Pycreus species belong to reticu¬ 
late-tuberculate type suggesting that Pycreus 
is a natural group. It was noticed that there 
are some varieties in ornamentation and mi¬ 
crostructure of achenes in different subgen¬ 
era. For example, Subgen. Pyreus and 
Subgen. Zonatae (P. pseudoletespeicaty ) 
show different characters in ornamentation 
and microstructure; the former reveals the 
reticulate-tuberculate ornamentation which 
has a tuberculate protuberance in every lu- 
mina of the tangential walls, and the latter 
has a striate ornamentation such as longitu¬ 
dinal striate thicken and with several trans¬ 
verse ridges (Figs. 28-30). There is, how- 
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Figs. 37-45. Shape and microstructure of achenes in Gahnia and Schoenus (Cyperaceae) from 
China. 37-39. G. bariensis. 40-42. S. calostachyus. 43-45. S. nudifructus. 


ever, no obvious differences in the epider¬ 
mal ornamentation and microstructure of 
achenes between any two sections. For ex¬ 
ample, Pycreus sulcinux and P. lijiangensis 
are different in the shape of spikelet and the 


numbers of stamen, the former belonging 
to Sect. Pycreus and the latter to Sect. 
Globosi. However, the achenes of this two 
species have not only the same ornamental 
structure, but also the similar configuration 
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of the anticlinal cell walls, the contour of the 
cell lumens and the number of tuberculate 
protuberance. Because of similar morphol¬ 
ogy of rhizome, inflorescence, spikelet and 
so on, P. delavayi and P. unioloides were 
placed in Sect. Lancei, but obvious differ¬ 
ences in ornamentation and microstructure 
of achenes were observed in these two spe¬ 
cies. 

Although there are some obvious differ¬ 
ences in shape, color and size of achenes 
among the three genera, the classification 
of ornamentation types is not consistent 
with the taxonomical treatment in the three 
genera described. 

In conclusion, the achenes of the three 
genera are diverse in the characters of orna¬ 
mentation and micromorphology (e.g., the 
configuration of the anticlinal cell walls, the 
presence protuberance and the number of 
satellites), but consistent for species, and 
such characters can supply characteristics 
distinguish the genera at species level. 

We are thankful to Professors Li Zhenyu 
and Liang Songyun of the Institute of 
Botany, Academia Sinica, Beijing who of¬ 
fer us the materials and various aid for this 
work. This research was supported by A 
Grant for Oversea Reseach from Ministry of 
Education 10041183. 
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Appendix: Key to the genera and species of Py- 
creus, Gahnia and Schoenus by achenes characters 

1. Achenes convex two-sided 

2. Achene surface Reticulate-tuberculate 

3. Achenes 0.57-0.96 mm in length 

4. Anticlinal walls thin, lumina concave along 

the margin... P. pumilus 

4. Anticlinal walls thin or thick, lumina level 
along the margin 

5. Anticlinal walls thin, straight 


6. Tuberculate protuberance large (ca. 9- 

10 pm). P. polystachyus 

6. Tuberculate protuberance small (ca. 4- 
5 pm). P. lijiangensis 


5. Anticlinal walls thick or thin with undu¬ 
late 

7. Tangential walls smooth... P. delavayi 
7. Tangential walls slightly convex, rough 

. P. globosus 

3. Achenes 1.10-1.46 mm in length 

8. Anticlinal walls conspicuously convex, 
achenes oblong or obovoid 

9. Irregularly reticulate-tuberculate, anti 
clinal walls concave, tangential walls 

rough. P. unioloides 

9. Anticlinal walls thin, straight... P. sulcinux 
8. Anticlinal walls conspicuously sinuous, 

achenes broadly obovoid. 

. P. sanguinolentus 

2. Achenes surface reticulate or striate 

10. Achenes surface reticulate, tangential walls of 

acheces with dense granules. Pdiaphanus 

10. Achenes surface striate, tangential walls of 

acheces with striate thickenings. 

. P. pseudolatespicatus 
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1. Achenes trigonous 

11. Achenes surface reticulate-tuberculate with sate¬ 
llites at the apex 

12. Anticlinal walls of achenes thick and straight, 

conspicuously convex. G. javanica 

12. Anticlinal walls of achenes thin, slightly con¬ 
vex 

13. Verruciform protuberance of achenes with 
3-12 tuberculate satellites at the apex, lu 
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mina with 1-3 tubercles. G. tristis 

13. Verruciform protuberance of achenes with 

2-6 tuberculate satellites at the apex, lu 
mina without tubercles.G. bariensis 

11. Achene surface reticulate or tuberrucate 

14. Achene surface reticulate, lumina nearly 

hexagonal. S. nudifructus 

14. Achene surface densely tuberrucate. 

. S. calostachyus 
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